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INTRODUCTION 

This report describes the stress analysis/structural design of the Pressure-Fed 
Booster Engine Test Bed using the existing F-1 Test Facility Test Stand at Huntsville, Ala. The 
analysis has been coded and set up for solution on NASTRAN. A separate stress program was 
established to take the NASTRAN output and perform stress checks on the members. Joint 
checks and other necessary additional checks were performed by hand. The notes include a 
brief description of other programs which assist in reproducing and reviewing the NASTRAN 
results. These programs are included on the accompanying tape. 

CRITERIA & LOADING CONDITIONS 

The redesign of the test stand members and the stress analysis was performed per the 
A.I.S.C Code. Loads on the stand consist of the loaded run tanks, wind loads, seismic loads, live 
loads consisting of snow, ice and live, dead load of the steel, and loaded pressurant bottle. 

In combining loads, wind loads and seismic loads were each combined with full live loads. Wind 
and seismic loads were not combined. 

No t/3 increase in allowables was taken for the environmental loads except at decks 147 and 
214 where the increase was used when considering the stay rods, brackets and stay beams. 


GENERAL COMMENTS 

Wind and Seismic loads were considered from each of the 4 coordinate directions (i.e. 
N,S,E,W) to give 8 basic conditions. The analysis was run with the pressurant tank mounted at 
level 125. V seismic condition was also run with the tank mounted at levels 169 and 214. No 
failures were noted with mounting at level 169, but extensive deck failure with mounting at 
level 214 (The loadsets used are included on the tape, but no detailed results are included in the 
package). 

Decking support beams at levels 147 and 214 are not included in the model. The stress 
program thus does not reduce strut lengths to the length between support beams (the struts are 
attached to the beams at intersection points) and gives stress ratios larger than 1 for some of 
the struts. The affected members were therefore checked by hand. 
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The following datasets and programs were developed and used in the analysis and may be 
used to obtain any desired output: 


STAND X) AT 


Contains the model bulk input and loadset, produces standard NASTRAN output 
data and writes geometry and selected results to unit 20, as requested by the 
DMAP ALTER statement included in the executive control deck. 

SECT-DAT 


Contains the section property input data required by STAND.DAT and the stress 
program. 


POST 


This FORTRAN program runs a stress analysis on the model elements. 

Input - NASTRAN output on unit 20. 

SECT.DAT 

Output - Units 22,23,24 

Unit 22 - Stress ratio list and partial data for alt elements and load cases. 

Unit 23 - Condensed list of stress ratios for all I-beams and all load cases. 

Unit 24 - Condensed list of stress ratios for all back-to-back angle sections and 
all load cases. 


SELECT 


This FORTRAN program selects the numerically maximum value in each column of 
NASTRAN unit 20 output (i.e. internal loads) over the range of cases considered. 

1) For each element. 

Input - NASTRAN output on unit 20. 

Output - OUTPUT.DAT 

2) Optionally, for selected elements. 

Input - (Filename) 

Output - unit 8, unit 9 (unit 9 = tabular format for MACINTOSH applications.) 

Contents of optional file: 

a,b,c 

where: a = first element, b = final element, c = step 

eg. 


213.215.1 

100,110,5 


gives elements 213,214,215,100,105,110. 
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1.5.2. 2 Allowable bearing stress on projected area of bolts in bearing- 
type connections and on rivets: 

F p = 1.35F, 

where F v is the yield stress of the connected part. (Bearing stress is not re- 
stricted in friction-type connections assembled with A325, A449 or A490 
bolts.) 

1.5.3 Welds 

Except as modified by the provisions of Sect. 1.7, welds shall be pro- 
portioned to meet the stress requirements given in Table 1.5.3. 

1.5.4 Cast Steel and Steel Forgings 

Allowable stresses same as those provided in Sect. 1.5.1, where applicable. 

1.5.5 Masonry Bearing 

In the absence of Code regulations the following stresses apply: 

On sandstone and limestone F p =» 0.40 ksi 

On brick in cement mortar F p « 0.25 ksi 

On the full area of a concrete support F p = 0.25/' e 

On one-third of this area F p = 0.375/' e 

where f* c is the specified compression strength of the concrete. 

1.5.6 Wind and Seismic Stresses 

Allowable stresses may be increased one-third above the values provided 
in Sect. 1.5.1 1.5.2, 1.5.3, 1.5.4 and 1.5.5 when produced by wind or seismic 
loading, acting alone or in combination with the design dead and live loads, 
provided the required section computed on this basis is not less than that 
required for the design dead and live load and impact (if any), computed 
without the one-third stress increase. 

SECTION 1.6 COMBINED STRESSES 

1.6.1 Axial Compression find Bending 

Members subjected to both axial compression and bending stresses shall 
be proportioned to satisfy the following requirements: 


— + 
F a 


_Jf_ + ItL. + ^ 1.0 

0.60F, F tt F„, 


^ 1.0 (1.6-la) 


(1.6-lb) 


When -f ^ 0.15, Formula (1.6-2) may be used in lieu of Formulas 
F a 


(1.6-la) and (1.6-lb) 


£+£ + £- 0.0 

Jr a * br fbw 


( 1 . 6 - 2 ) 


In Formulas (1.6-la), (1.6-1 
combined with subscripts b t m t 
which a particular stress or desigi 

F € * axial stress that would 
F b = compressive bending i 
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p, _ 12 t*E (In the e> 
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1.0 


^ 1.0 


(1.6-la) 


(1.6-lb) 


be used in lieu of Formulas 


1.0 


( 1 . 6 - 2 ) 
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In Formulas (1.6-la), (1.6-lb), and (1.6-2) the subscripts x and y, 
combined with subscripts 6,. m and e, indicate the axis of bending about 
which a particular stress or design property applies, and 


F, 

F b 

F\ 


fa 

fb 


*= axial stress that would be permitted if axial force alone existed 
*= compressive bending stress that would be permitted if bending 
moment alone existed 

12 t*E (In the expression for F\, l b is the actual unbraced 
** 23(.K7*/r*) 2 length in the plane of bending and r b is the corre- 
sponding radius of gyration. K is the effective 
length factor in the plane of bending . As in the case 
of F at F b and 0.6 F r , F\ may be increased one-third 
in accordance with Sect. 1.5,6.) 

*=* computed axial stress 

*= computed compressive bending stress at the point under con- 
sideration 

= a coefficient whose value shall be taken as follows: 

1. For compression members in frames subject to joint translation 
(sidesway), C m = 0.85. 

2. For restrained compression members in frames braced against 
joint translation and not subject to transverse loading between 
their supports in the plane of bending, 

M 

C m = 0.6 — 0.4 — but not less than 0.4, 

M% 

where M\/Mi is the ratio of the smaller to larger moments at 
the ends of that portion of the member unbraced in the plane of 
bending under consideration. M\/M ; is positive when the 
member is bent in reverse curvature and negative when it is bent 
in single curvature. 

3. For compression members in frames braced against joint trans- 

lation in the plane of loading and subjected to transverse load- 
ing between their supports, the value of C m may be determined 
by rational analysis. However, in lieu of such analysis, the 
following values may be used: (a) for members whose ends 

are restrained, C m = 0.85; (b) for members whose ends are 
unrestrained, C„ « 1.0. 


1.6.2 Axial Tension and Bending 

Members subject to both axial tension and bending stresses shall be 
proportioned at all points along their length to satisfy the requirements of 
Formula (1.6-lb) where f b is the computed bending tensile stress. However, 
the computed bending compressive stress, taken alone, shall not exceed 
the applicable value according to Sect. 1.5. 1.4. 


1.6.3 Shear and Tension 

Rivets and bolts subject to combined shear and tension shall be so 
proportioned that the tension stress, in kips per square inch, produced by 
forces applied to the connected parts, shall not exceed the following: 
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Yield Stress — F„ (ksi) 

36.0 

42.0 45.0 

SECTION 1.5 ALLOWABLE STRESSES 

1. 5.1.1 Tension 

Tension on the net section, except at pin 
holes: 

F t - 0.60F, < 0.50 Fts 
where Fts “ minimum tensile strength 

Tension on the net section at pin holes 
in eyebars, pin-connected plates or 
built-up members: 

F t - 0.45F, 

22.0 

16.2 

25.2 

19.0 

27.0 

20.3 

• 

1.5. 1.2 Shear 

Shear on the gross section (see Table 3 
for reduced values for girder webs): 

F. - 0.40F, 

14.5 

17.0 

■ 

1. 5.1.3 Compression 

1.5. 1.3.1 

Compression on the gross section of 
axially loaded compression members 
when Kl/r is less than C«: 

Formula (1.5-1) 

r [■ - WY 

Table 1-36 

Table 1-42 

Table 1-45 

’ 5 3 (Kl/r) (Kl/r)' 

3 8C e 8 C c ' 

1.5. 1.3.2 

Compression on the gross section of 
axially loaded compression members 
when Kl/r exceeds C c : 

Formula (1.5-2) 

F 12 r’F 

• 23 {Kl/r ) 1 

Table 1-36 

Table 1-42 

Table 1-45 

1.5. 1.3. 3 

Compression on the gross section of 
axially loaded bracing and secondary 
members when l/r exceeds 120: 

Formula (1.5-3) 

„ F. fby Formula (1.5-1) or (1.5-2) ] 

" / 

1.6 — 

200r 

Table 1-36 

Table 1-42 

Table 1-45 


* Value equal to 0.50 times minimum tensile strength (* O.SOFr*) 





























Yield Stress — F 9 ( 

J»i)' 

36.0 

42.0 

45.0 


1. 5.1.3 Compression (coat’d) 


1.5.1.3.4 

Compression on the gross area of plate 
girder stiffeners: 

F. - 0.60F, 

22.0 

25.2 

27.0 

1.5. 1.3. 5 

Compression on the web of rolled shapes 
at the toe of fillet: 

F. « 0.75F, 

27.0 

31.5 

1 

33.8 


1.5.1. 4 Bending 


1.5.1. 4.1 

Tension and compression for compact, 
adequately braced members symmetrical 
about, and loaded in, the plane of their 
minor axis: 

F h - 0.66F, 


a. Flanges are continuously connected 
to web 


b. b,/2t, < 52.2/ VF, 8.7 8.1 

c. b/t, < 190/VfV 31.7 29.3 

d. Use Formula (1.5-4): 
d/t < 412^1 - 2.33 J VF, 68.7 - 4.4/. 63.6 - 3.5/. 61.4 - 3.2 /. 

except that d/t need not be less than 

257 /VF, 42.8 39.7 


e. I < 76.0 bj/VF, 
and 

, ^ 20,000 


12.76/ 


11.76/ 


11.36/ 




Yield Stres 


60.0 



30.0 

33.0 

36.0 

37.5 

41.3 

45.0 
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1. 5.1.4 Bending (cont'd) 


1.5. 1.4.2 

Tension and compression for members 
which meet the requirements of Sect. 
1.5.1. 4.1 except subparagraph b: 


52.2 bf 

VF. 2 ‘/ 


b, 95.0 

2t i VK 


use Formula (1.5-5): 


1.733 - 0.0014 


(*) *) 


1.5. 1.4.3 

Tension and compression for: doubly- 
symmetrical I and H shape members 
meeting the requirements of Sect. 

1.5. 1.4.1, except subparagraphs c, d and 
e, and bent about their minor axis 
(except members of A514 steel); solid 
round and square bars; and solid rec- 
tangular bars bent about their weaker 
axis: 


1.5. 1.4.4 

Tension and compression for box-type 
flexural members not included in Sect. 
1.5. 1.4.1, but which meet the require- 
ments of Sect. 1.9: 


0.60F, 


l < 25006/F, 
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1.5. 1.4 Bending (cont’d) . 


1.5. 1.4.5 

Tension for flexural members not covered 
inSect. 1.5.1.4.1, 1.5.1.4.2, 1.5.1.4.3 or 
1.5.1.4.4: 

Ft - 0.60F, 


1.5.1.4.6a 

Compression for flexural members in- 
cluded under Sect. 1.5. 1.4.5, having an 
axis of symmetry in, and loaded in, the 
plane of their web; compression for 
channels bent about their major axis: 
The larger value computed by Formula 
(1.5-6a) or (1.5-6b) and Formula (1.5-7) 
but not more than 

F> - 0.60F, 


l/r T < 


When this limit is exceeded, 
use Formula (1.5-6a): 
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1. 5.1.5 Bearing (on contact area) 


1.5. 1.5.1 

Bearing on milled surfaces, including 
bearing stiffeners and pins in reamed, 
drilled, or bored holes: 

F, - 0.90F, 


1.5.1. 5.2 

Bearing on expansion rollers and rockers: 

f ’-( £L ir- 3 ) om 


1.5.2 Rivets, Bolts, and Threaded Parts 


1.5.2.2 

Bearing on projected area of bolts in 
bearing-type connections and on rivets: 

F, - 1.35F, 


SECTION 1.9 WIDTH -THICKNESS RATIOS 


1.9.1 Unstiflfened Elements Under Compression 


1.9. 1.2 

Maximum width-to-thickness ratios for 
unstiffened elements of: 

Single-angle struts; double-angle 
struts with separators: 

76.0/VF, 

Double-angle struts in contact; angles 
or plates projecting from girders, col- 
umns or other compression members, 
compression flanges of beams; stiffeners 
on plate girders: 

95.0 /VW r 

Stems of tees: 127/\/ F, 


1 

33.0 

38.0 

0 . 76cf 

0.96d 
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21.2 


14.2 

18.9 


13.4 

18.0 


12.8 

17.1 


12.3 

16.4 
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(4) From Fig. 30.2.2-1, A L = 0. 021 

• Step 4— Calculate A . 

A = A^+ Ag = 0. 021 + 0. 0039 = 0. 025 




The load transferred by the Hrst fastener: 
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Assume that all fasteners are bearing critical, and assume 
constant thicknesses. The tabular procedure assumes elas- 
ticity; additional capacity is available for bearing critical 
fasteners only. Assume sheet yielding at the most critical 
fastener. Distribute additional external loading to the non- 
critical fasteners. If either member is significantly stiffer 
in one direction than in the other, loads will increase in the 
stiffer direction. It is generally conservative to neglect the 
other component, except as required for equilibrium. 
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